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SYSTEM AND METHODS FOR PERFORMING PERCUTANEOUS 
PEDICLE INTEGRITY ASSESSMENTS 

5 CROSHeEEERENCES TO RELATED APPUCATIONS 

This is an international Patent Application claimi]^ tfie b^efit bfpnaaAty under 
35 use 119(e) of commonly owned and co^pending U^. Ptovisioinal P^teot Applicadon 
60/336,501 entitled "Spinal Surgeiy Systems end Meiiiods." filed October 30, 2001, flie 
enfiie contend of which are hetetoy expressly iamporafed by Deference into this 
10 disckxsnTeasifset&rthittllyhexein. 

B ACKGROUrro OF THE INVBimON 

L Field of the Invention 

The presOTi bvcntk>n relates to a systeni and Hicfhp^ 

15 M<Mepartkwl3rly» the present invcntiim is directed 

pexfonning petculaneous pedicle integrity assessoients invotvi^g the use of 
neoFopbysiology. 

n. Deserlpttonof Related Art 

20 Atrendin^inalaufgeacy istowffldpcifonnii^gsu^eiy inan^ 

or minimal access fasfaion to av<»d ifae tranma of so-called open or ''direct access** , 
piDceckres. Aspedficartaof interest is in the peixaitaneousplacen^ 
screws, which are ^pically ernployed to eSect postexior fixation in spinal fiision 
piocedntes. While great strides are bring made iii this area, a risk exists (as it does fai 

25 open prDcedures) that the pedicle may become breacbed, ciadced, or otherwise 

compromised due to the formation and/or preparation of the pilot hole (designed to 
xeceiYe a pedicle screw) and/or due to the introduction of the pedicle screw into the pilot 
hole. If the pedicle (or rnore specifically, the cortex of the medial 
superior wall aod/or faiferior wall) is breached, ccacked» or otherwise compromised, fte ^ 

30 patifflit may experience pabn or neurologic deficit due to mmm 

pedicle screw and exitrag nerm toots. This centimes necessitalBs revisit 
which is disadvanlageously painfiU for Ihe patient and CQs^. bodi in lern^ 
time and ho^Ualization. 

1 
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Varioos attempts have been undotaken at perfoimiBg pedicle integri^ 
assessntenls. As used herein^ tenn ""pedicle integrity assessment** is defined as 
detecting or otherwise determming whether a part of a pedicle has been breached, 

5 cracked, or oflicrwrise compiamised due to flie foimation and/or preparation of the pilot 
hole (designed to recrivc a pedicle screw) and/or due to the tntroduction of tibe pedicle 
sctcw into- the pilot hole. *Tonnation" is defined as the act of creating an initial pilot 
hole in a pedicle, such as throng the use of a drill or other hote-forming element. 
"Piepazntion" is defined as tiie actof refimng or ofiierwise acting upoallie intericn: of the 

10 pOot hole to further prepare it to recdve apedic^ screw, such as by ktroducnig a ti^ or 
resaa& element into tte initial pilot hole* . "IntnKhictioii** is defined as Ifae act of snscfting 
or otfaecwise placing a pedicle screw inb> the initially femed and/or prepared pBot hole, 
such as by scremng the p edicfe screw into the pilot hole vi a a screw dimr or simibr 
element 

15 

Amoztg the attempts. X-ray and odier imaging systems have been en^ioyed; but 
these aie typically quite expensive and are oftentimes limited in lenns of tesolntion such 
that pedicle breaches may £ailto be detected. 

20 Stin other attempts invohre capitalizing on the insulating characteristics of bone 

(specifically, that of the medial wall of die pedicle) and flie conductivity of tbeeadtii^ 
nerve roots themselves. Thatis^tflbe medialwanof the pedicle is breatched, a ' 
stimulation signal appUed to the pedicle screw and/or flie 

introduction) win cause flie various muscle groiqisGOuplBd to Ite ^ 
25 contract. If Oiepedick wall has not been breached, the insulating natom of Uie^^ 
wfll prevent tiie stimulation signal fimn ixm^ating the ghren nerve roots siidi fiiat the 
associated muscle groups will not twitch^ Traditional EMG monitoring systems may be 
employed to augment the ability to detect such innervation* A drawback with such prior 
art systems is that fticy do not bnd themselves to assessmg pedicle integrity in cases 
30 where pedicle screws are placed in a percutaneous &shion, such es may be accomplished 
by any number of omnnetuially available percutaneous pedicle screw implantation 
systems. With the andcipated increase in the number of such percutaneous pedicle sciew 
procedures, a significant number of patients will be at risk of having misplaced pedicle 
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saews gprea fte lack of a percutaneous manner of perfonning pedicle integrity 
assessments. 

Tl>e present invention is directed at addressing this need and eliminatine, or at 
5 least reducM^ the effects oftbcslKWtcomingsoffliB prior art as de^^ 

SUMMARY OF THE INVENTION 
The pieseni iiivention ovem^mes the dra«*acks of the priof Bit by providing, 
according to a fti^lttoad aspect of file ptesrot inveati<m, a system to 
10 percutaDCOus pedicle integrify assessmaits comprising the stqis of: (a) pemKai^eously 
inttoducing an insulatiwi inewber to a pedicle target site; (b) establidiing electrical 
oommunicadon between a 8timulatk» element and an inletior of a pedicte mew pilot 
hole; (c) applyii^ a sdmuiation signal to saa sfenulation dement; and (4) monitoring lo 
assess wheflier nerves adjacent said peifcfc are imwnwting as a res^^ 

IS apptytngsakitqpidictgdmofstimulatl^ 

The present invraition ovwicomes the drawbacks of prior art by providing, 
according to e second broad aspect of die present invention, a method for perforoiing 
peroutaneons pedicle integrity assessments conunising fce steps of: <a) ptactttafteously 
20 intiodiK:ing,mi insulated K-wire into cOTtact with at leaat one of a pedi^ 

pedicle screw pilot hole; (b) flying a stinroUrtion signal to «id K-wtre; and (c) 
mtmitoring to assess whrfier nerves adjaccrt smd pedicdte are innsrvath^ 
the step of applymg said stimulatian Bgnal to said K- 'vire. 

25 TheiwesentBrvOTtionovercomeslhedraw*aclcsofthepriorartbypiovidi^ 
according to a third broad aspect of the present invention, a n»thod for perf<»niing 
percutaneous pedcle mtegrity assessnwats compriatag the steps of: (a) percutaneously 
inttoducii^ an insulated mente to the approximate <vening of a pedicle sc^ 
hole; ijo) introducing a pedide screw pilot hole pieparati(m tool throng said insulated 

30 member to prepare said pedicle screw pUot hole; (c) applying a stimulation signal to said 
pedicle screw pilot hole preparatioa tool; and (d) monitoring to assess whether nerves 
adjacent said pedicle are innervating as a result of the step of applying said stimulatioii 
si^ud to said pedicle screw pilot hcrfe preparation tool. 
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The present invention ovrawnnea the dcawbacks of the prior art by piovitii^ 
accocding to a f<»irth broad esBptcX of Che piesm invention, a meftod for perfimning 
percutaneous pedicfe integrity assessments comprising the steps oi: (a) peicutaneoosly 
introducing an insulated K-wiie inlo contact with a pedicle screw pilot hole; (b) applying 

5 a stiirailation signal to said K-wire; (c) monitoring to assess whether nerves adjacent said 
pedicle are innervating as a result of Ae step of applying said stimulation signal to said K- 
wire; (d) peroutaneously introducing m insulated member to the approximate opening of 
a pedicle soew pilot hole; (c) introducing a tap ineml>er through said insulated member to 
piepare said pedicle screw pilot bole; {f) applying a stimulation sipial to said tap 

10 member, and (g) monitoring to assess whether nerves acgacent said pedicle axe 

hmervating as a result of the step of ^lykig said stimoilatioik sig^l to said lap member. 

The preset invcntJcm ovemooes the drawbacks of the prte 
according to a fiflfa broad a^ect of the present invention, a ^stem for performing 

15 peicutaneons pedicle integrity assessments nicludiE« a body and a stsmulatiiMi source. 
TTie body having an aperture dimensioned to receive a stimulation element theiethrougb 
and an insulation re^on capable of being pereJUtaneoudy introduced to a pedicle target 
site widnn a patient The stimulation source in electrical communication with said 
stimulaticm elemcait for selectively aRslying a stimulation signal to said stimulation 

20 efement to assess wheflter nerves ai^acait said pedicle target site inneivate as a result of 
flying said stimulation signal to said sttmulatioiit dement 

Bvi for ftie systems and methods of fbepresent invention, patwnts may be released 
and subsequendy exp^rajcc pain and/OT neurologic deficit due to nnwanted contact 
25 between flie exiting nerve root aiul misplaced pedwte screws* which o*^^ 
anodier cosdy and painful surgery. 

BRIEF DESCIOrnON OF THE DRAWINGS 

Figure 1 is a flow diart illustrating the fimdamectal steps of the percutaneous 
30 pedicle integri^ assesanent systsem according to the present invention; 

Figure 2 is a perspective view of an exemplary surgical system 20 capable of 
assessing pedicle integrity according to the present invention; 
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Figure 3 is a block diagram of the surgical system 20 shown in FIG. 2; 

Figure4 is a side view ilhistratnig the ase of first and secood exemplary 
for assessing pedicle mtegrity according 1o Hie pi^sent inveidioa; 

5 

Figure 5 is a side view illustrating the lise of third and fourd) exemplary systems 
for assessing pedicle integrity according to tiie presaiit iitvendon; 

FigMfC 6 is a perfective view of fte fhrst exetnpbry system 
10 int^rifyacooidirig to the preset ]Dveiidon»coriqms^ 
coupled to a handle assembly; 

Figwe 7 a perspective view of the third e^mplaiy system for assessing pedicle 
jnt^riiy according to tfie present invention, compristnig a universa) insulating assembly 
15 incbiding a handle assembly coupled to an insulattag eaxmiilaaccoidiiig to the present 
inv^Hion; 

Figure 8 » a perspective view ilhistrating an cxenq>lary electrical coupling 
mechanism capable of being disposed wifimi Ae handle assc^mbly shown in FIG. 7; 

20 

Figures 9-1 1 ai« perspective views iUustratiiQ insttbti^ 
and dhnensions for use wifii the handle assembly accoxdisg to flie present inventkm; 

Figure 12 is a graph illiistnitmg a plot of a stinwladon cuirait pulse capable of . 
25 produdnganeuioniuscularirespMseOadG)ofthe^ypcs^ 

Figure 1 3 is a graph illustrating a plot of the neurcwnuscular response (EMG) of a 
given myotome over lime based on a current stimulation pube (such as shown in FIG- 12) 
applied to a nerve bundle coupled Co tibe given myofiome; 



30 



Figure 14 is an illustrating (graphical and schematic) of a method of automatically 
deterniining itt maximum frequency (F>ta) of the sfamufatten current pulses acctwding to 
one end^odimentpf the present invention; 
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Figure 15 15 a graph iUnstcating aplot of EMOiesponse peak*to-peak voltage 
(Vpp) for each given siimuladon cuneot level (tstim) forming a stiinulfitkm cunent pulse 
aCDordiQg to the preseot itiyentim {odierwise known as a ''lecnutment curve**); 

S Figure 1 6 is a graph Qlustrating a traditional sthnulatiortar^^ 

technique as may be employed in obtaining each peak-to-peal: voltage (Vpp) £MG 
regpoose according to the present invention; 

Figure 17 isa graph illasttaiiDg fhe traditiona] stinuilation aiti&elrqection 
10 techmque of FIG. 16, wherein a large aittAict rejection causes the EMG response to 
become comimHnised; 

Figure 1 8 k a giaph ilhistratiiig an improved stinusladon axtifiu:t.|igectton 
tedinique accordiiig to the present inventioin 

15 

Figure 1 9 is a gmph iUustratii^ an improved noise arti&ct reieetioii tecfaniqne 
aooording to the present invention; 

F}gure 20 is a graph illustrating a plot of a neuromoscular response (EMG) over 
20 time ^ response to a stisnuliis cuireat pnke) showing ftenmnnexiniwliich vottage 
eixtmna (Vm« or {Vnm » Mai) occur at times Tl and T2» lespectiwly; 

F^^re 2 1 is a graph iUustrating a histogram as may be employed aa p^ 
T2 artifi»trqiect«>ntechinq[oe aoc^^ 
25 invention; 

F^iures 22A-22E are gi^^hs iBustcating a current fhreshold-huntiog algorittun 
according to one embodiment of the present invention; 

30 Figure 23 is a series of grains illustrating a multi^baimel cmrent threshold- 

hunting algorithm according to one embodiinent of the present invention; 
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Figures 24-25 aie exemplaiy screea displays iilustxating one embodimeBt of the 
pedicle integrity assessment feature of tiie preawt inv^tion; and 

Figures 26*28 are exetuplaiy screen displays Ohtstrating another «idx>djment of 
S fte pedicle integrity assessment feature of tbe present invention. 

DESCRIFnON OF THE SPEOFIC EMBODIMENTS 
Qlustrati ve embodiments of tbe invention are described below. In tiie inli»est of 
darily, not all featiues of an actual ia^lementationaiedesc^ It 

10 wiUof ccmise be appceciatedUiat in tiie development of aooy such actud 

nomerous iii^;>leiQenlation-specific decisions must be made to achieve the developers' 
specific goals, such as oofmpliance with system^ielated and business^ielaled constraints^ 
Ddiich will vaiy fiom one implementation to anodier Mareover, it win be appreciated 
that such a development effort might be complex aiHi tin^ 

1 5 neveitlieless be a routine nndertaldiig for (ho se of ordmeoy sldl! in ^ art having die 
benefit of this disdosute. The systems disclosed herein boast a variety of imrentivc 
features and oomponeots diat warrant patent i^otectiaa, both individually and in. 
combinatioiL 

20 Tbe present invendon is directed at perfoImi£^petcutaneouspedicfei^teg^^ 

assesaments. FIG. 1 Ohstrates dte fundamental method slq>8 according to fte present 
invention, namely: (a) percutaneously introducing an insulaticm meniber to a pedicle 
target site; (b) estaUisbtng electrical conmumioacdon between a stimulatioa etement and 
an interior of a pedicb screw pilot hcrie; (c) qn>lyiag a stimulation signal to tbe 

25 stimuladon element; and (d) motiiloring to assess whether nerves adjacent die pedicle are 
innervating as a result of die step of applying tbe stimulation signal to the stimulation 
element. . 

The step of percutaneonsly introchictng an insulation member to a pedicle tasgst 
30 site may be accomplished in any of a variety of suitable feshions, including but not 

limited to providing the insulation member as a tubuter insulatian member dimensioned 
to receive and pass ^mnigh at least one of a K-wire and a pedicle screw pilot hole 
preparation tool, such as a tap member. It may also be acoomplisbed by providing a K- 

wixe having an insulated coating wifb an exposed* electrically conductive distal end, as 

7 
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wdt as a tap tnembei having an insulated coating with an exposed* dectricaUy condttcdvc 
threaded leg^oa The pedicle latg^ site may, by way of example only» comprise at least 
one of a folly insetted pedicle screw and the opening of at least one of an initially fomiBd 
pedicle screw pilot bole and a prepazed pei&cle screw pilot bole, dqiending upon the 
5 insulation meniber employed. 

The step of establishing electrical comTOunication betweoi a stimulation element 
and an interior of a pedicle screw pilot hole roay be accomplished in any of a variety of 
suitable fashions, including but not limitod to disposing a K-wire trough a K^wire 

10 insulator such that a distal t^ of die K-wire contacts a fiilly insnted pedicle screw, which 
itself ism electrical Dommumcatioo with the inters It 
may also be accomplidied by disposing a K-wtie fiuough a K-wiie insulator audi that fte 
distal tip ofthe K-wire contacts tbeintefbi Ihyetanofher 
exemplary enibo£mea1, it may be aoconi3>l]shed by brin^i^ a stknuMon element (sucb 

15 as a K«wire and/br declrical coupling device) into contact with a tap member disposed 
through flie insulation fnend)^. ^When a K-wire constitutes the stimnktion element, it 
taay be useM to provide the tap meniber with a longitudinal hnnen for receiving and 
pa jKin g the K-wire thereHirough to establish electrical communication therebetween. 

10 Tiie step of app}3ring a stimulation signal to die stimulation elenmt may be 

accomplished in any number of suitable fashions, inclnding but not fimited to qiplying 
voltage and/br current pulses of varying magnitude and/or fiequency to the slinmlation 
ekmoit hi a piefenedemlxidnnen^tte stimulation signal inay be applied to 
sdmul ^on element after die initial pilot hole has been fonned, after the pilot hole has 

15 been piepaied (sodi as with a tap member) and/or after the pedicle accew ha^been fully 
inserted into die pilot ]K>le. 

The step of monitoring to assess whether nerves adjacent the pedicle aie 
innervating as'a result of the step of implying the stimulation signal to die stimulation 
© element may be accomplished in any nurriber of suitable &shions, including but not 
limited to visual inspcclion of tiie muscle groups associated with a particular nerves, as 
well as die use of evoked muscle action potential (EMAF) monitoiing techm'qu^ (that is, 
measuring the FMG responses of muscle groups ^sociated with aparticntar nerve). 
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Althoa^ shown and described witbm tiie context of a paitkular exemplary 
QTstem having a sthmilatioii source and monitoring capacity, it wiD be appreciated by 
tfiose skilled in the art Aat any aumber of systems for providing a stimulation signal and 
for monitoring to assess pedicle breach may be employed wi^^^ the 
5 scopeof the present invention. 

*. 

In a further aspect of the present invention, information relating to &e step of 
assessing whethernwves ad|acent the pedicle are mnervaling as a result of the step of 
applying the sthnulation signal to the stimulation el«n^ may be oommonicated to the 
ID aser. This infonnatioa may incliide» but is not xuBcessaiify limitBd to, visual 

repiesentatiaiis of lbs actual stimulation tfaresbold of an exiting neive root alone or in 
combinatkm with file stimulation dueshoU of a bare iierve root (with or whhout the 
dif&ience Aer*ctwcen), as weU as ^IW co(^ 

pedicle integrity O^e^ "gcem" fiwr a range of sthxuiladon flircsfaolds above a predetermined 
IS safe vahie - mdtcatiag "bteach unKkely", **ied" for range of sthnulalion thresholds below 
a predetermined unsafe value - indicating '"breach likeV, and "yd W for die range of 
stimulation ttiredbtolds between fee predetermined rafe and misafe vahies - indicating 
**possible breach"). Tliis is a significant feature, and advantage over the prior ait, in that 
it provides a strai^tfonvard and easy to interpret representation as to v/hethcr a pedicle 
20 has been breached, cracked* or odieiwise compromised due lo fee foonation and/or 
preparation of die pilot hole and/or due to *e inlzoduction of the pedicle scieiv into the 
pilot hole. 

Identifying sodi apotential bfcacfa is helpfhl in ftat itpxeve^^ 

25 chance 4^ a misplaced pedicle screw (l!hat is, one iHeachi^ 

ndssed until after the surgwy. Instead, any such misplaced pedicle screws, when 
stimalaled according to the present invention, wiD produce an EMG response at a 
myotome level associated with the nerve in close proximity to the pedicle screw that is 
breachbig die pedicle wait This will indicate to die suigeon that die pedicle screw needs 

30 to be repositioned. 

FIGS, 2-3 ilhistrate^ by way of example only, a surgical system 20 provided in 
accordance with a broad aspect of the present mventkm. The surgical system 20 inchides 
a control unit 22, a patient module 24, ar EMG harness 26 and letnra electrode 28 
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coupled to tbe patient xnodole 24, and a host of pedicle scicw test accessories 30 capable 
of bdng coupled to the patient module 24 via an accessory cable 32 m combination widi a 
handle assembly 36. !b the embodbnent shown, fbs pe£cte screw test accessoiics 30 
include <by way of example only) a K-wire insulator 34, a universal inailating assembly 
5 3 8, and a clampbg-style electrical coupler 35. As will be described in greater detail 
bekw, a K-^wire 37 and a tap member 39 are shown, by way of exflnq>le, as exemplary 
stimulation elements according to the present invention- ThcK-wire37inaybc 
electrically coupled to the control unit 22 and/or patient module 24 (so as to receive a 
stunuiation signal) thtongh the use of Ae K*wire insulator 34, the uoiversai insulatbg 

; 10 assembly 3Sand/(fffliBdectricaicoup}ca' 35 (provided the K-m 

manner). ThetapmBmber39mayb6eleclric^yco«q)Iedto4»cositiolimk 
padent module 24 (so as to receive a stinmlation signal) dsriHi^ the use of Ac muvcfsa] 
insulating assembly 38» the electrical coupler 35 (provided the tap member 39 is insubtol 
in some manner) and/or by bringing a sdmuUtion dement into coidact with the tap 

- IS inanber39,siichasby (fi»re3campk)providixigaloiigi^ 

mmAiet 3 9 and dispo^ng an electrically coiq^led K-wiie 37 1hei?ein. 

The control unit 22 includes a touch screen display 40 and a base 42, whkh 
coUeotively contain the essential processing capabilities for conttolling the surgical 

20 system 20. The p^ient module 24 is connecled to flte control unit 22 via a data cabfe 44» 
which estaUishes the electrical coimeGtions and commuoicalions (digital and/csr analog) 
between the control unit 22 and patknt module 24. The main flmctions of fte control tmit 
22 tndiide leceiviiig user commands via the touch sciteen diq^lay 40, activating 
stimulatioti, processing signal data acoordiog Id de(med algoridims (described below)* 

25 displaying received.parametets and {mcessed data» and monitoring system status and 
reporting ftuttcondMons. Thetoucbscieend^biy40ispi^end>ty equqip^ 
graphical user interface (GUI) capable of communicatiijg information to the user and 
receiving in^nictbm ftom ^ user. The display 40 and/or base 42 may contain patient 
module interface ciicuitzy diat commands the stimulation sources^ receives digitized 

30 signals and other information from the patient module 24, processes the EMQ responses 
to extract characteristic information for e^h muscle group, and displays the processed 
data to the operator via the display 40. 

10 
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As will be described in greater detail below, Oie surgical system 20 is capable of 
perfoimii^ pedicie integrity assessments after the formation of the pilot hole, after . 
preparation of the pilot hole, and/or after pedicle screw placement Surgical system 20 
acc(»npl!shes this by having the control unit 22 and patient module 24 cooperate to send 

5 stimulation signals to one or more stimulation electrodes or electrode regions on the 

various pedicle screw test accessories 30. Depending upon effect of pOot hole formatioD, 
* pilot hole preparaticHi and/or pedicle screv/ introduction (namely, on 6ie bone formii^ the 
pedicle)* Hit stimnlolion signals may cause nerves acgacent to or in die general proximity 
of the K'-wire 37 and/or tap mtmh&t 39 to imtervate, whtch» in tuiri, can be monitoted via 

10 the BMG harness 26. The pedicfe integrity assessment fixture of the present invenlioh 
are l^sed cm assessing the evoked lesponse of ibs yarions nmscle nnyotomea mcmitared 
by die smrgical ^stem 20 via EMG harness 26. 

The accessory handle assembly 36 includes a cable S S for establisbix^ electrical 

t5 coiim»micationwith^patienftmodulB24(vi^ In a preferred 

embodimaat, each pedick screw test accessory 30 (namely, K-wire insulator 34, umvosal 
insulating araembly 3S, and electrical coupler 35} inchides a proximal electrical connector 
56, a distal electrical connectCM" (described belowX and an electrical cable 57 ext^ding 
Iherdsetween: -Hw proximal electrical connector 56 is preferably threaded and designed 

20 to engage" with die distal 5 9 of die handle assembly 36. In this fiisbion^ the screw test 
accessories 30 may be quickly and easily coupfed (electrically and mecliamcally) to the 
accessory handle assembly 36. The distal electrical connector of the K*¥dre msidator 34 
fflui univcESd ihsuktiftg assembly 38 may coriqnise any mmd^ 
f<ff establishing electrical cGmmunication willi an instnmient pusstng dierethrough (siidi 

25 as a K*wire 37 passh^ through the K-wire insolator 34 and/or the universal insulating 
assembly 38, and such as a tap mem&er 39 extending through the universal instdaling 
assembly 38). In a preferred embodhnent, the distal electrical cmrie^ 
universal insulating assembly 38 will be capable of expanding, movti^ or otherwise 
accommodating tnstmments of vaiyixig diamemrs according to tbe present inventioa The 

30 distal electrical connector of the coupler 35 may include any number of suitable electrode 
or electrode regions (inchiding protrusions) on or about the distal (or pinching) ends of 
fee clamp arms 61 forming the coupler 35. Conesponding regions (such as elccliodes or 
electrode re^ons - including iiidentarions) may be provided on die K-wiie 37, the tap. 
mend)er 39» sudi as wbete such devices^^re to be directly coupled to the handle assembly 

SUBSTITUTE SHEET (RULE 26) 



0CC6-IC8-898 



•QUI aAiSBAnw VldQi^ii^ S002 90 uer 



wo 2003>0371 70 PCT/US2002/035*I47 



36 (Le- where Krwiie 37 and/or tap member 39 ace disposed tfirough msularing etenems 
fliat do not include distal electrical oonaectoTs) accocdxng to the present invention. 

In allsitaations^ the iiser may c^esste one or sioxe buttons of the handle assembly 
5 36 to sdectively initiate a stimulation signal (preferably, a current signal) firom tbc patient 
module 24 to the pedicle ptobe 56. WiA the K-wirc 37 and/or tap member 39 touching 
die interior wall of Ihc fiilfy formed pilot hole and/or the Krwire 37 touching die ftUy 
introduced pedicle screw, applying a stimulation signal in this fashion serves to test flie 
mtegiity of die medial wall of the pedicle. That is, a brwch or conq^ronrise in the 
10 int^ty of the pedicle will allow tlw stimulation signal to pass ttaongh Ac pedicle and 
innervate an adjacent nerve toot By inonitoring die myoloii(iesasBOciaarfw& the nerve 
roots (via the EMG harness 26 and recording electrode 27) and assessing the resulting 
EMG responses (via the control writ 22), Ae surgical syslem 20 can assess whether a 
pedicle breadroccmreddurii^hofcforinati^ Ifabreachor 
15 potential breach is detected^dieiiser may riniJly wiflidraw the misplaoed pedicle screw 
and redirect to ensure pioper placement 

FIG, 4 iOustiatc^ two exOTiplaty tnaimas of performing pedicle integrity 
ass^smmts according to the present invendon, one employing the K-wire insulator 34 

20 and one employing fte electrical coi^ler 35. Widi combined reference with FIG. 6, the 
Krwitc insulator 34 accoiding to the present invention inchides an eloi^le insulating 
bocfy 60 having a tapered distal end 63, open distal and pioxnnal ends, and a hmien or 
raifnm'fatiftti esctetiding thcrrfietwBen (timensioned to leceive and pass the K-wire 37. A 
cap element 64 is provided for placenient in the prox^ 

25 lhecapelemem64hasalumen1faeiewtlhindimajsionedtDpassdieK-vw^ 

iiictades die distal clectiicd connector (not diawn)coupte As 
shown in FIG. 4, die IC-wiiB insulator 34 may be advanced to die pedicle target site in a 
pmutaneous &&iuon» by either establi shing a virgin approach to the pedicle targpt site or 
by passmg ftroo^ a previously established percutaneous corridor (such as may be left or 

30 fijnned by commcrciaHy available percutaneous pedicle screw placement sys This 
inocess may be fccilitated liy first establishing apilot hole through the u« of a schcalled 
Jam-Sheede needle (comprising an inner rigid needle element disposed wiflnn a rigid 
outer needle element), after which point the inner rigid needle element is removed such 
diat the K-wirx: 37 may be introduced in^ ^ die pilot hole. The outer ripd needle dement 
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offlieJain-Sheede device may then be feroaved,leavu^ TheK- 
- wixe insulator 34 may then be advanced ove^ 

K-*vyrtfe insulator 34 abuts the opening of the pedicle pilot hole, buttons 64 on the handle 
mesnber 36 may be employed to apply the stim^ilarion signal to the K-wiie 37, In Ais 

5 ftdiion, the majority of &e K-wire 37 is insulated ftom the surrounding tissue, while the 
di^ end of the K-wire 37iiiay be brought into direct contact wift the i»lot hole to 
perform pedicle integrity assessments according to one embodiment of the present 
invention. As will be appreciated^ this same technique could be employed to bring the 
stimulation electrode or electtx>de region of the K-wire 37 into contact with a portion of a 

[0 fully inserted pe^cle screw (not shown). 

FIG . 4 also ilhistrales tfaot the electrical cou|der. 35 nay be eDq)loyed to pexfosai 
pefide integrity aascssidcnts, by way of exaniple only , by cst^ 
coznxnanicatton between the fully inserted tap member 39 and the mteiior surfiice of the 

I S now-prepated pOot hole. Hie electrical ooupler 35 acoompK^ this by engaging the 
electrode or electrode regions on the q^posing clamping arms 6 1 against a pcHtion of die 
proximal end offhe tap member 39. Tofiicilitate flus,-thetapmember39maybe 
equipped with mdentatioiis or similar feature fi>r matingly engaging with corresponding 
features on dtediatal regions of the clamping aims 61. In the embodiment shown, an 

10 insulated cannula 66 is provided for insulating aU but Ae exposed distal 

cads of the tap member 39. As wifli flie body 60 of the K-wire insulator 34, ttie insulated 
«ttmula 66 i8 preferably equipped wiA a tapered distal end 67. Inuse,1bet^raeniber39 
will be advanced through the insulated cannula 66 (such as by benig passed over a K-wire 
37 via an tiiternal camxutotion) ax»} rotated to pi^are threads along tt^ 

15 pilot hole. After the pilot hole has been fully prepared in this fashion (that is, to fte fiill 
or approxmiately full depth of the pilot hole), the handle member 36 be used to apply 
die sthnulatioa signal to die electrical coupler 35 which, m turn, transmfts this sd^iulatioa 
signal to the interior of dw prepared pilot hole to perfoimi pedicle integrity assessments 
according to another embodiment of the present invention. If the pedicle has not been 

30 breached, die lap member 39 may flienbe renwved and a pedicle screw introduced into 
die prepared pilot hole. By selecting a pedicle screw having the same approximate 
^ characteristics (i.e. ]Mtch, thread height, diameter, leng&, etc...) as the tapping (distal) 
portion of the tap member 39, the need to perform further pedicle integrity assessments 
after fiill introduction of the pedicle sere ' may be obviated. 
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FIG« S illustrates twomoxe exenipiaiy manners of p«fonningpe<Bcle infegrity 
assessments accoxding to the present invention^ one employing &e univecsal inmlatmg 
assembly 38 and one employing the clectiical coupler 35. With combined lefb^eiKe to 
FIGS. 7-1 1^ the universal faisulating assembly 38 includes a handle assembly 6S and an 

5 uisutated cannula 70 extending fiom the distal pordcm of the handle assembly 68. As best 
seen in FIG. 7, the handle assembly 68 includes a housing member 71 and an eloctrical 
connecloi pcwt 72 for connection with the electncal cable 57. With reference to FIG. 8, 
tiie housing member 71 oonlains a universal electrical coupling mechanism 73 
cDmprising. by way of example, a phirali^ of contact elements 74 (in this case springs 

10 Kitei^ing between posts 75). Alunien76ispn>yidcd(by way of example only) mftc 
appioxtmate coiter of (nnd ectending between) vfipct and lower basemaabGis 77. The 
contact elements 74 are positioned in a tnmsvezse fadiion such that Ihey mteisect 
geneinlly xntfaesiunepl8nea8tiieoei^of1belumiai76. In Ms £i8iiion,.any metallic or 
conductive instnonent passed throng tiie lumen 76 will be brought into contact with fbxt 

15 contact dements 74» thAreby piOFViding the abili^ to apply an electrical signal to tte 
instamofiL Moreover* fiie c<mtact Omenta 74 ace capable of moving, expandmg, or 
otheroinse acconnnodatingimtnmicats having a variety of dia^ Asbestshownin 
FIGS. 9-1 U the insulated cannula 70 may be provided having any number of di£fecent 
lengths and widths, dqjendiBg upon the <tevice to be passed diiough it A threaded base 

20 member 78 i&.preftoibty coupled to each insulated cannula 70 U> fadlitate coupling the 
partioilar msulaled cannula 70 to a cone^nding threaifed portion on fte distal region of 
die housing member 71. In this ibaiuon. a suiseon may quickly and eaatfy change 
between any of a varietyr of ii^ating camuilaB 70 dqiending upon the applicatEon O-c 
dqith to the pedk^te target site) and the device to be passed therethna^ 

25 member 39 as shown in no. 5). 

The insulating cannula 70 serves to isolate a portion of fee instrament as it is 
passed fluough the handle assembly 68. In this fashion, the insulating cannula 70 may be 
advanced to a pedicle target site^ such as to the opening of a pedicle pilot hole as shown 
30 in FIG. 5* Although not shown, it is to be readily appredated fliat the present mvention 
also contemplates advancing the distal end of the insulating cannula 70 over or in general 
abutment wiA a pcx>xiiiial portion of a percntaneously i^ed pedicle screw) pedicle 
screw* In dthcr instance, an ti^trument or device (aich as« by way of exanqde^ K-wire 37 
or die tap member 39, depending upond-^- situation) may be passed through die handle 
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member 66 until tiie tq) of the mstnimetit reaches eilhear the initially fionned pilot hole, the 
folly prepared pilot bole, and/or the fidly introduced pedicle screw. The insulating 
cannulas 70 are of varying size dq)ending upon the particular target site and surgical 
application* but znagr preferably be provided ranging fiom 0 inches to 24 inches in kngtfi 
5 and of any diametersaitabie to pass the tnstiiornent of interest. 

FIG. 5 also illustrates a variant of the embodiment shown in FIG. 4, except that 
the insulated cannula 66 is specifically dimensioned to pass the K-wire 37» as opposed to 
larger diameter instnmients such as the tap meniber 39 as shown in FIG. 4. faithis 

10 instance, the electrical coupler 35 may be iisedio establish electrical c^ 

betweoQ the K-wix» 37 and Ae interior of a pilot bote. VKfli die distal end of the K-wire 
37 in such electricid communiGation with ifae interior of tte pilot hole^ the handle 
assemUy36]naybeenip1c>y6dt0applythestinmlBtionsig;naltoptf ' 
integr^ assessment according to die present invention. Placement of the K-wire 37 

15 within the pilot hole, and the advancement of the insul^^ 

as described above with xefercnoe to Ae Jam-Sheede device described above. 

As noted above, die Systran 20 desc^*bed generally above is exemplary of a sy^eio 
including a stiinubtion source and nKmitoring capacity fcxr use in peifnnui^ pedicle 
20 integrity assessment according to the present invention. It will be appredated by &ose 
^ skilled ro the aity however, that any number of systems for proviiSng a stimulation dgpal 
and for monitoring to assess pedicle breach may be employed wiftout departing from Ae 
scope of the present inveniioo. That said, die following discuE^fandabcfates op die 
particular algorithms and principles behind the nenrophysiok^ for performing pedicle 
25 integrity assessments accmduig to the ocemplaiy embodiment shown (system 20 of FIGS. 
2-3) according to the present invention. 

FIGS. 12 and 13 illustrate a ftandamenlal aspect of the present invention: a 
stimulation signal (FIG. 12) and a resulting evoked response (FIG. 13). By way of 
30 example only, the stimulation signal is preferably a stimulation cunent signal (IstinO 

having lectangalar monophasic pulses with a frequency and amplitude adjnsted by system 

software. In a still fmther preferred embodiment^dite stimulation c^ 

coupled in any suitable fashion (ie. AC or DC) and comprises rectangular monophasic 

poises of 200 microsecond duration. Tt^ -mphtude of the current pulses may be fixed, 

15 
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but will preferably sweqp from cun^ ampUUides of any suitable range* such as Iroih 2 to 
100 mA. For each nerve and myotome these is a diaracten'sttc delay ftom the stimiilation 
ciKtmit pulse to the EMG le^mise (typically betwete 5 lo 20 ms). To account for this* 
the frequency of the current pulses is set at a suitable level such aSi in a preferred 
S embodiment) 4 Hz to 10 Hz (and mostpieferably 4,5 Hz), so as to prevent sttmulating die 
nerve before it has a chance to recover horn dc^larization. The EMG response shown in 
PIG. 13 can be characterized by a peak-to-peak voHage of Vpp» Vm - Vnas. 

FIG. 14 iliustiates an alternate manner of setting the maximum stimnUuion 

10 frequency, to the extent it is desired Id do so rather than simply selecting a fixed 

maximmn stimulation frequency (such as 4«5 Hz) as described ab^ Acoocding to this 
anbodimeii^ the maximiutt fiequency of the slimnlation pulses is automatical^ adjusted. 
After each stimulation, Fmax will be computed as: Fmax - 1/(T2 + Tsddy Mai«m} tor the 
largest value ofT2 from each of the active EMOcfaamieb. In one embodiment, the 

15 Safety Margin is 5 ms» aldiough it is contempl^ed Qiat this c(Hiidbe varied according to 
any number of suitable durations* Befcne the specified number of simxulatioiis, the 
stimufations win be performed at int^vals of 100^120 ms during die bracketing state^ 
intervals of 200-240 ms during the bisection state, and int^vals of 400-4SD ms during the 
mooitDriDg state. Aft&r the specified miny^er of stimulati<m$> the stimulations will be 

20 performed at die fastest interval practical (but no fester than Fmax) daring the bracketing 
stale, the &5test interval practical (bnt no faster than Fmax/2) during the l^isectton state, 
and the fastest interval practical (but no faster than Fmax/4) daring the monitoring stale. 
The maximum fiequency i^ed until F^u is calculated is preferably 1 OSz, ahfaough slower 
stimttlatxin frequencies may be used during some aoquisttion algortdmis. The vahie of 

25 Fnxk used is peckKHcaUy updated to ensure that it is still appiopriale. For physiok^cal 
reasons, die nuixinium frequoicy for stisuilation will be set on aper-patient bads. 
Readings will be taken from all myotomes and Ifae one widi the slowest firequemsy 
(highest T2) win be recorded. 

30 A bask> premise behind the neur(^hysio1ogy employed in dse present invention is 

that each nerve has a characteristic threshold current level (luniafa) at which it will 
depolarize. Below this dii^boId» current stimulation will not evoka a dgnificant EMG 
re^nse (Vpp). Once die stimulation dueshold (X-rhmh) is reached, the evoked response is 
reproducible and imsieases wifli increasm^^Ttimulatifin until saturation Is reached. This 
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xelationsfaip between sttmuladon cunem and EMG xespdJise may be lepsesented 
graphically via a so-called ''recniifxnent curve,'* such as shown in FIG. 15, which includes 
an onset region, a Ifaiear region^ and a saturatkm region. By way of example only, tibe 
present invention defhies a significant EMG response to have a Ypp of approximately 
5 100 uV. InaprefenedembodiinentttbeloweststimidationcinTent lh^ 

threshold vollage (Vmssh) »s called iThre^. As will be described in g^tet detail below, 
changes in flie current dite^old (hhi^) may be indicative of a dhange in d» degree of 
electrical communication between a stimulation electrode and a nerve. This is helpful in 
assessingif a screw or similar instnimeat has inadvertently breached the c^ of a 

10 pedickL Moreapeciffa^lty, whrnanUtialdeterminhtioD ofQii^ 

a stiimiladoncurcem to the interior of a hole created to receive a pedicte isgreater 
Aan a later detamunatton of (hineiiiX such as by applying a stimulation current to the tip 
of the pedicle screw after insertion, fte decrease in Insert if lai^ 
dectdcalconimuxiication between fte pedicle screw and 4ie nerve. Basedqntfie 

1 5 insulation properties of booe, such eiediical communication would mdicsle a breach of 
die pedicle. 

In Older lo obtain this usefiii infonnatioo, the present invention must first identify 
the peak-to-peak voltage (Vpp) of each EMG resp<mse c<»Te$ponding a given stimulatioD 

20 current (IsnmX exktence stimulation and/or noise aiti&cts, however, can oonsph« to 
create an erroneous Vpp measuremofU of the electrically evoked j^O response. To 
ovetcooiB diis challenge, die surgical system 20 of Ifae present invention may etnplay any 
number of suitabte artifact lejection techniques, inchiding the traditional stsmulation 
arti&ctrejectioii technique shown in FIG. 16. Und^ this tedmique, stimulation artifact 

25 rejection is undertaken by pnmdtng a simple artifik^^ 

beginning of the EMG wavefomi. Durii^ this Ti window, die BMG waveform is 
igDcmdand Vpp is calculated based on Ae max and min values outsid (Tl 
isflie thne of the first emmum(mtn or max) and T2 isfte time of the second 
extremum.) In one embodiment, Ifae artifact rejecdon window TIwin >nHy be set to about 

30 7.3 msec. While generally suitable, there are situations where tfais stimuladon artifact 
rejection technique of FIG« 1 6 is not optimum, such as m the presence of a large 
stsmulaticNi arti&ct (see FIG. 17). Tb& presence of a large stimulation artifact causes *e 
sthnulation aiti&ct to cross over the window Tl wm and blend in with the EMG. Makmg 

17 
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ifae«timttia1ion artiftct window larger is not effective, since there is no clear scparation 
between EMG and stimulation artifact 

FIG. 18 illustrates a stimulation arti&ct rejectton technique according to the 
5 present invention, wKch solves the above-identified probkna with trwfitional stimulation 
artifact ceiection. Under Ais tedmique, a Tl validation window (TI-Vwin) « defined 
immediatdy following the Tl window (Tl ww). If the determined Vpp exceeds the 
threshold for recruitings but Tl fells witbin this Tl validation window, then the 
sthmilation artifact is considered to be substantial and the EMG is considered to have not 
10 recruited. An operatormay be akrted, based.ra the stibstantial nature of the stimulation 
artifect This mctiMid of sdnmlatk)ii artifact i»e^^ 
where the stiirwlatiottaitifect is laige enougib to cause the 

flireabold. To account for noise, fte Tl validation window (TI-Vwin) should be withSn 
lhermgpofOJinstolinswide(pTefeniblyabout0^nis). Hie Tl vaHdation window 
15 fri-VwN) should ootbe so large ttiatHie Tl ftom an actual EMG waveform could fdl 
wiAiit 

FIG, 1 9 ilbistrates a noise artifect rejection technique accoiding to the present 
invention. When noise artifiacts fell in the time window where an EMC response is 

20 expected, their presence can be difficult to identii^, Ardfacts cmtside the expected 
respoaise window, however, are relatively easy to identify. The present invention 
capitalizes on feis and defines a T2 validation window {T2-Vw&i) anahignus to dieTl 
vafidatipn window (TI-Vwin) described above with reference to nG. 18. AS shown, T2 
inust occur prior to a defined 1 imit, whi«ai, aixording to ore 

25 invmtion, may be set havii^ a rai^ of between 40 ms to «) ms ftwelBerably about 47 
ms). If the Vpp ofthe EMG respcmse exceeds flie threshold fi>r recruiting, but T2 falls 
beyond ttie T2 validation window (T2rV ^ the noise artifect is considered to be 
substantial and flie EMG is considered to have not rettuitedL An opoator may be aleitod» 
based on the substantia! nature of Oie noise artifact 

30 

FIG- 20 illustrates a still further manner of performing stimulation artifact 
rqcctionaccaiding to an alternate einbodirnert ofthe preseiit^ Thisartifact 
rejection is premised on the characteristic delay from the stironlatfon cunmtpalse to the 
EMG response. For each stimulation cui ^nt pulse, the time torn the currem pulse to fe^ 

18 
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ftfstextretntim(max(>rnm) isTi aiidtDtii^ As 
will be described below, die values of T|» T2 are each compiled into a faistogram period 
(see FIG. 2 1). New values of Ti , T2 are acquixed for each stimulation and flte faistoginans 
are continiiotmly updated* The value ofTi and T2 used is the center value of die lacgiest 
5 bin in the histogram. Hie values of T|, T2 are condnuously updated as the I^tograms 
change. Initially Vpp is acquired using a window that contains the entire EMG response. 
' After 2d san^les, the use of Tu Tj windows is phased in over a period of 200 san^Ies. 
Vmax and Vmm are then acquired only during windows centered around Ti, T2 with 
v^dis by way of example oxlly, 5 msec. This method of acquhing Vpp automatically 
10 rejects the artifact if T| or T2 fail outside of their respective windows. 

Having measnred each Vpp EMG response (as faicilitated by die stinmlatkm 
. and/or noise arti&ct rejection techniqaes desf^ibed above), this Vpp infoirmatidtt is then 
aoialyzed relative to Ae stimulation current in order to detennfau; a relationsfajp between 
15 Ihe nerve and the given sthnnlatifin element transmitting the sdmulatioQ conent Moie 
specifically, the present invention detonines these relationships (between nerve and the 
stinmlation element) by idmtifying the minimum stimulaticm current (Inroh) citable o f 
resultmginapredetennined Vi^EMGre^onse. According to the present invention* the 
detenninatibn of Inredi may be aocomfriished via any of a variety of suitable algeiitfams or 
2Q techniques. ^ * 

HGS. 22 A-22E illuBtrale, way of example only, a threshold-hunting ai^ 
for quickly finding die threshold current <l7hn»h) for eaiicb nerve being stimulated by a 
given sthnulationcttiientOstiizi)* Thied]oldcunem(lTii«ii)* once again, is the minima 

25 stimulation current (Istm) results b a Vpp that is gcealo' dian a known AseshoU 
voltBgB(VThnsh)- The value ofis adjustcd by & bracketing me&od as follows; The first 
bracket is 0.2 mA and 0.3mA. If the Vpp corresponding to both of these stimulation 
currents is lower than Vlhresb, dien Ae bracket size is douUed to 02mA and 0.4mA. 
This dooUmg of the bcacket size ocmtinues until the upper end of the bracket results in a 

30 Vpp that is above VThiesh. The size of the brackets is th^ reduced by a bisection 
method. A current stunulation value at the midpoint of the bracket is used and if diis 
results in a V|^ Aat is above VThresh, flien the lower half becomes the new bracket . 
Likewise, if the mi^mt Vpp is below VThre^ then fee upper half becomes die new 
bracket This bfeection method is used u^^il the bracket size has been reduced to Ijiauii 
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mA. InHttta may be selected as a value felling within tlw bracket, btxK is prefi»ably defined 
as At midpoint of the bracket 

The threshold-hunting algoriAm of this embodiment will support three states: 
S biacteting, bisection, and monitoring. A stimulation cuirent 'bracket is a range of 

sthnuiation currents that bracket the stimulation current Ifaroshold Inttdi- The width of a 
tnacfcet is the upper boinndafy value minus <he lower boundary vahie. If Itie stimulation 
coirent llizeshdd Ithresh of a channel exceeds the maximum stimulation current, Aat 
tfiresludd is considered out-of-iange. During flie bradceting state, threshold hunting will 
10 employ the mefiiod below to select stimulation cuzmits and identify stimulation cuirent 

« 1— A- ^ TJX 4/^ ^k<«««««aJ ^ 

The method for fin<fing the nunimum stimulation current uses ds&mediods of 
bracketing and bisection, Tlie *^or* is identified f<»^a function Ibathas the vahie*! fox 

15 stimulation cuxmrts that do not evoke adequate req)Otise; the ftmctionhas the vahie -HI 
lor stimnlatioil currents that evoke a response. The root occufs when the &nctionjumps 
ft«n-l to -Hi as stmmlation current is incieased: the function never has fte 
pieciselyzero. Tlie mot wiU not be known eKactiy»bm only with a lei^ 
related to ^minimum bracket width, llie root is foond by idesitifying a range that must 

20 contain the root The upper bound ofthis range is the lowest stimulaticm cunent Irtarsb 
where the fimcticwi letums value +1, i!e. the minhnura stimulation current that evokes 
ie^)oose. The tower bound of this range is the highest sfimuktion current 
the function returns flie value -1 , i.e. the maxinmm stimulation current that does not 
evoke a response. * ' 

25 

The pedide integrity assessment function may begin by adjusting the stimulation 
cunent until the root is bracketed {FIG. 22B)- The mitial bracketBB^ raage may be 
provided in any number of suitable ranges. In one^embodiment, the initial bracicetiag 
range is 0«2 to 0.3 mA. If the upper stimulation cuirent does not evcke a response, the 
30 upper end of the range should be incieased The range scale factor i 

cunent should pieferably xM be increased by more tiian 10 mA in one iteration. Tbe 
stimulation cunent should paeferably never exceed the pro^ammed maximum 
stimulati<mcun«it For each stinnulation, to algoridnn will examine die response of each 
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active cfaannel to detenzmicwhell^ Once the sdmulation 

cimont dsesbold of each chamd has been biacketedt Ae algo^ 
bisectkm state. 

5 During the "bisectioii state (FIGS , QIC and 22D), threshold hunting will employ 

the method described below to select stimulation currents and narrow the bracket to a 

selected width (for example, 0. 1 mA) for each EMG channel with an in-tange threshold. 

After the minimum stimulation cuirent has been bracketed (FIG. 22B), die range 

coiitaming the loc^ k refined untS the root is kixvwn 
lO' bisectkminethod is used Id lefine the lange containing 

root should be found t» a piedsion of Duri^ 

sdmulation clnn»m at the mid^int of the brac1c»t u used ^ U 

reqionse, the bxadcet shrinks to tiie tower half of the pievio^ 

fttb to evoke a response, the bracket shxinl^ to die upper half of The 
15 proxinnt/siSCMnlhm is locked on the elecfz^ 

bracketed by stimulation cunents sepasated by the selected width (i.e. 0. 1 mA). The 
imcess i&xqpeaied for each of the active channels until all IhreshoUs are precisely 
known. At dmtttme^ the algorithm enters the momt&ringst^. 

20 After idCTtifying the threshold current Iriocih, this 

detennme any of a variety of relationships between di0 screw test access 

nerve. PorexampK as win be described in greater detail be^ 

cunent dueshold I-niRsb of a n^e during pedicle inttigrity assessment, (he lelattonsliip 

between the pedicle testing assembb' 36 and the tierve is whedier etectricd^ 

25 communication is established theRbetween. Ifelectrical communication is establidcd, 
this indicates that the medial wall of the pedicle has been cracked, stressed^ or oQierwise 
breached as a result of pilot hole formation, pilot hole preparation, and/or sciew 
introductioiL If not, fliis indicates diai the integrity of diemedial wall of the pedicle has 
remanied intact This cbamcteri^ is based <m the insubtiigpropeities of bone. 

30 

In a significant aspect of the present invention, the relationships determined above 
based on the cunent threshold determimttion may be cormnunicated to the user in an easy 
to use format, inchidmg but not Kmited to, alpha-num^ic and/or 

regarding pedicte integrity assessments* stinmlalion level, EMG 

21 

SUBSTITUTE SHEET fRULE 2BV 

es-d OeeG-TEB-SSB -oui 3AiSBAnw Wdi^S S002 SO UBf 



wo 2003/037170 



PCTAJS20a2/035047 



it$e» set-up» and related instnicttons for Oie user. This advantageously pnovides flte ability 
to present siinplified yet tneantngfiil data to the user, as opposed to ttie actual EMG 
waveforms that are delayed to the useis in traditional EMG systems* Due lo flie 
comple»ty in interpreting £MO wavefcTzms, such prior art systems typually require an 
5 additional peison specifically trained in such matteis vbiiich, in turn, can be 

disadvantageous in that it translates into extra expense (having yet anodier higjily trained 
petson in attendance) and ofbentiroes presents scheduling challenges beisause most 
hospitals do not retain soch pecsonnel. 

0 When employed in spinal procedures, for exait^ile* such EMG monitozing would 

prefeiably be accomplished by conneclmg the FMG hans^s 26 to die myofomes m ifin 
patient's legs corresponding to the exiting n^ve roots associated with die particuiar spinal 
. operation fcvd. In a piefened cmbodinwnt, this b accomplidied via 8 
electrodes 27 placed on Ac skin over fbc major muscle groups on the legs (&urper side), 

S ao anode dectiode 29 providing a return path forlhestimnla&m eiiirent» and a common 
electrode 31 psoviding a gmund reference to pre-amplifiers in the pat^t module 24. 
Altfao^i^ not shown, it will be appreciated that any of a vari^ of electrodes can be 
employed, including but not limited to needle electrodes. The EMG responses meastned 
via the BMG harness 26 provide a quantitative measure of the nerve depolarization 

0 caused by the electrical stimulus. By way of example, the placement of BMG electrodes 
27 may be undertaken aooording to tl^ manner shown in Table 1 below for spinal 
suigery: 

Table 1 



Color 


Channel ID 


Myotome 


Spinal Level 


Blue 


Rigtel 


Ri^t Vas«is Medialis 


L2.L3.L4 


Violet 


Right 2 


Right TibiaUsAnterior 


L4.L5 


Grey 


Rii^3 


Rigiht Biceps Femoris 


L5. SUS2 


White 


R]gM4 


Right Gastroc. Medial 


«1, S2 


Red 


Leftl 


Left Vastus Medialis 


L2,L3.I>1 


Orange 


Left2 


Left Tibialis Anterior. 


M.L5 


Yellow 


Left3 ^ 


Left Biceps Femoris 


L5,S1,S2 


Green 


Left4 


Left Gastroc. Medial 


SUS2 
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With ref^enoe agam to FIGS. 2-3» the surgical system 20 perfonns pedicle 
iotegrity assesssxnesits via, by way of example only, flie use of pedicle tfsda^ acoeaaories 
30 in ocHhbniation with the handle assembly 36. More specifically, upon piessing the 
button on the sctew test handle 36, the software will execute a testing algorittun to apply 
5 a stiniulationcQiient to the particular target (i.e. pilot bole, i 

neive), setting in inotk>n the pedicle integrity assessment jfuncdon of the jrosent 
invention. The pedicle integrity assessment features of Ae present invention may include, 
by way of exanvple only, an Actual" mode (FIGS. 24-25) for displayii^ the actual 
stimulation thie^Ld 9 1 roeasored for a given myotDme, as well as a •^Relative'* mode 

10 (T10S.26'2S) for displaying the difference 92 be^ 

assessment 93 of a bare nerve root and an actual stimuhtbn ttoes^ 
given myotome. In eitber case, the surgical accesaoiy label 84 displays Che word 
"SCREW TEST* to denote use of fiie pedicle testing assembly 36 for petforming pedicle 
mtegrity assessments. The screw'tcst algorithm according to the piesent inven 

15 preferably determines flied^]arizatkm<diiesliold}caira 

channels. In one embodiment, the EMG diamiel labs 82 may be configured such that the 
EMG channel having die lowest stimulatira tfazeshold wiH be automaiicaliy enlarged 
and/or highlighted and/or col<Hed (EMG channel tab R3 as shown in FIG. 24) to clearly 
indicate this fact to tfienser. As shown m FIG. 25, Ms feature may be overridden by 

20 manualfy selecting anoflier EMG channel tab (such as EMG chamiel tab Rl 

by touching the partiodar ^IG channel tab 82 on die touch screen display 40. In this 
Distance, a watniz^ symbol 94 may be provided next to the EMG channel tab having the 
lowest stimulatkm duediold (once agaiii, EMO chaniiei tab R3 in H 
user tiiat the stimulati(»i threshold 91 is not the lowest stimulation fhteshold* 

25 

Any number of 4ie above-identified indicia (such as the baseline sdmulation 93, 
actual stimulation 9 1 , difference 92, and EMG channel tabs 82) may be color-coded to 
indicate genemi safe^ ranges (i.e. "green** fin a range of stinmlatioQ diresholds above a 
predetermined safe value, '^d*' for range of stunulation dire^okts below a 
30 predetermined unsafe vahie, and **y^]taw" for the range of stimulation thresholds in 
t^etween the predetermined safe and unsafe values - desisting caution). In one 
embodiment, *'gzera" denotes a stinmlation threshold range of 9 milliamps (mA) or 
greater, "yellow'* denotes a stimulatioa threshold range of 6-8 mA, and "red** denotes a 
stimulation threshold range of 6 mA or belo^r. By piovkiing this inibrmation graphically, 
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a surg^tt may quickly and easOy test to determire 

bifiBctied or otherwise conipn>iniseci» such as may result due to the fonuatiofu of a pedicle 
sciew hole and/or introduction of a pedicle screw. More specifically, if after stiimilfltiiig 
screw hole and/or pedicle screw itself fte stimulation Aieshold is: (a) at or below 6 

5 mA. the threshold display 40 wH ilhiminate ^*red" and ttais mdicate to the surgeon that a 
breach is likdy, (b) between 6 and 8 mA, the toesboW display 40 will illuminate 
•^yellow*' and tos indicate to ttie surgeon that a breach is posrfMc; and/or (c) at or above 
8 mA, the threshold dispby 40 will ifluminate "green" and thus indicate to the sutgeon 
that a breadi is unlikely. If a breach is possible or likely (that is, * VeHow" or **red"). the 

10 surgeon may choose to withdraw the pediclesciBw and redirect it along a difBsient 

tra4*.rtnrv trt ensure the ocdicle screw no longpr breaches (or comes close to breaching) 

— ^ -- 

the medial wall of ibe pedicle. 

While this hivcntiOR has been described in tenns of a best mode for achieving tiis 
1 5 mvention's objectwes, it will be appreciated by fliose skiHcd in the art that variations may 
be accomplished in viw of these teaching without de 

the present invention. For example, the present invention may b o implemented using any 
coanbination of conqsater pit^gramming software, fiimwaie or hardware. As a preparatory 
$t^ to practicing the invraitiott or constmcting an apparatus aoc ording to fee invention. 

20 the computer, programming code (whether software or firmware) according to the 

invention wiU ^icaUy be stored in one or more machiiie readAle storage medmms such 
as fixed (bard) drives, diskettes, optical di&s> n««netic tape, semiconductoc memories 
sudi as ROMs»PROMs,eteM thCTrfjymakmg anartideof mairafecliireinacrordance 
wifli the invention. The article of mann&cture containing the computer pidg^aiummg' 

25 code is used by either executing flie code directly ftom the storage device, by copying the 
code ftom ftc storage device into another storage device such as a hard disk, RAM, etc. 
or by tiansmitting the code on a netwoik for remote execution. As can be envisioned by 
me of skin in the art. many different combinations of ^ above may be used and 
accordingly the present invention is not limited by the scope of the appended claims- 
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WHAT IS CLAIMED IS: 

1 « A method for perfonxnng percutaneous pedicle integrity assessments, comprising the 

(a) percutaneously introducing an insulation member to a pedicle target site; 

(b) establishing electrical communication between a stimulation element and an 
interior of a pedicle screw pilot hole; 

(c) applying a stimulation signal to said stiinulatiqn element; and 

(d) znonitorii^ to assess whether nerves adj acent said pedicle are innervating as a 
result of Qie stq) of applying said application of stimulatioa signal to said stimulation 
etement. 

2» Themeliiod of claim 1 and fiulher, \«1i^eiD said pedicle target site compiises at least 
one of a fiiUy inserted pedicle screw and the opening of at least one of an initiatly formed 
pedicle screw pilot hole and a prepared pedicle screw i»lot bole* 

3. Theinethodofclaim land further, wherein said insulation mem 
wire insulator. 

4. The method of clahn 3 and further, whmin step (b) of establishing electrical 
oommonication between said stimulation element and said interior of said pedicle screw pilot 
hole is aoconq>lished by at least one of: (i) disposing a K-wire through said K-wire insulator 
such that a distal tip of said K-wire contacts a &lly inserted pedicle screw; and (ii) disposing 
said K-wire through said K-wire hisulator such that said distal tip contact said interior of 
said pedicle screw pilot hole. 

5. The method of claim 1 and further, wherein step Qy) of establishing electrical 
conununication between ^id stimulation element and said int^or of said pedicle screw pilot 
hole is accomplished by bringing said stimulation element into contact with a tap member 
disposed throu^ said insulation mmber. 

25 

SUBSTITUTE SHEET (RULE 26) 



^2 



oec6-ice-8S8 



•oui aAiSBAnw Wd9S:^ S002 SO uer 



WO2<»03/937170 PCT/US2002y035047 



6. tbe mediod of claim 6 and further^ wherein said stimulation element is a K-wire, and 
wherein said tap member is provided with a longitudinal lumen for receiving and passing 
said K-wire theMhrough. 

7« Ihem^tod of claim 1 »wharein said jnsidationmend)er comprises a kulnitar^ 
is dimensicmed to receive a pedicle screw pflot hole piepaiation tooL 

8. The mediodofdaim 7 and further, whmin step 

oommunicatioa between said stimfulation element iaud said iiUeiior of said pedicle screw pilot 
hole is acconqilishedl)}^ {i) intzodudng said pedicle screw pilot hole preparaticm toot into 
said pedicle screw pilot hole; and (ii) establishing electrical pommumeation between said 
stimulation elementand said pedicle screw pilot hole pn^>aiatiQn tooL 

9. The method of claim 8 and fiirfher, wlierein said pedicle screw pilot hole pteparation 
tool is a tap member. 

1 0. The meOiod of claim 9 and forfii^» wherein said stimulation mendier is a K-wire, and 
wherein said tap member has a longitttdinal lumen for receiving and passing a K-^wire 
thereflrou^ to estabfi^ electrical communication therebetween. 

1 1 . The mefliod of claim 1 and further, wherein said insulating m^ber ischides an 
electrical cxsupling mechanism for establishing electrical contact betwem a stzmulation 
source and said stimulation element. 

12* The method of claim 1 and further, wherein said stimulation signal is applied directly 
to said stimulation member throug|i the use of an electrical coupling mechanism in electrical 
communicsdion wifh a stimulation soiu:ce» 

13. A method of performing percutaneous pedicle integrity assessmeaits, comprising the 
rtepsof: 

26 

SUBSTITUTE SHEET (RULE 26) 



oees- Te8-8S8 



♦oui BAisB/snig Wd9S'-i^ S002 SO UBf 



wo 2003/0371 70 



PCT/US2002/035M)47 



(a) percutaneousty introducing an insulated K-wtre into c ontact with at least one 
of a pedicle sciw and a pedicle screw pilot hole; 

(b) flying a stimulation signal to said K-wiie; and 

(c) monitoring to assess whettter nerves adjacent said pedicle are innervatii^ as a 

result of the stq> of sq)plying sakl stimulation signal to said K-wire. 

.♦*.*** 

14. A method of perfcHmingpeFcutaneous pedidd inte^ly assessments, compdstcg the 
steps of: 

(a) percutanebusly introducing an insoialed member to the 
of a pedicle screw |nlot hole; 

(b) introducmg a pedicle screw pilot hole preparation tool tfarou^ said insulated 
niember to prepare said pedicle screw pilot hole; 

(c) an>lyiag a s^ulation signaI..to said pedicle screw pilot hole pneparatioa tool; 
and . ^ 

(d) momtoring to assess whetfier nerves ai^acei^ said pedicle are innervating as a 
* result of the stq> of applying said stimulation signal to said pedicte screw pilot hole 

preparation tooL . 

15, A method of perfonning percutaneous pedicle integri)^ assessments, comprisii^ tibe 
steps of: 

(a) percutaneously introducing an insulated K-wire into contact with a pedicle 
scsew pilot hole; ' 

(b) applying a stimulation si^al to said K-wire; 

(c) monitoring to assess whether nerves adjacent said pedicle are innervating as a 
result of the st^ of applying said stimulatioii signal to said K-wire; 

(d) percutaneously introducing an insulated member to the cqjproximate opming 
of a pedicle screw pilot hole; 

(e) introducing a tap member through said insulated memb^ to pr^iaie said 
pedicle screw pilot hole; 

(i) i^lying a stimulation signal to said tap member, and 
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(g) monitoring to assess whether nerves adjacent said pedicle are innervating as a 
resuftof the step of applying said stimulation signal to said tap member. 

16. A system for perfomiing percutaneous pedicle integrity assessments, comprising: 

a body havfag an apature dimensioned to receive a stimulation element fheretfarough 
and an insulation region capable of being percutaneously introduced to a pedicle target site 
witfiin a patient and 

a stirnvdation source in electrical communication with said stimolation alzmeat for 
sdectivdy app^ng « stimulation aigoal Id said stimulation element to assess whether nerves 

adjacent said pedicle tareet site iitnervnte »s a wr^tH nP-„^uA,>r. <,»;^ tl^- > . .... 

- " ^ »t'i"/'^ oo^u BuuiUKuiuii signal lo 

said sdmulation element 

17. The system of claim 16 and furflier, whfsein said body is a lubular insulated elemoit 

dimensioned to recdve at least one of a K-wire and a pedide screw pilot hole pi^ 
tool. 

18. Tte system of claim 17 and further, wherein add pedicle 89t^ 
tool is a tq> member. 

19. TTie5ystemofclaiml7aadfiirther.wheKansaidtubute 
an electrical coupling mechanism establishing electrical co^ 
souFcx and said stimulation eiement 

20. The system of claim 1 6 and fiirtber, wherein said stimulation signal is applied directly 
to said stimulation member through the useof an electrical oooplmg mechanism in electrical 
comnunipation with said stimulation souice. 

21. TTie system of claim 16 and further, conqjrising an EMGrnomiwi^ 
assessing whether nerves adjacent said pedicle target site imiervate as aiesidt of applying 
said stimulMion signal to said stiimilation elemaat 
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22. The system of claim 21 and further, whereb said EMG monitoring system displays at 
least one of alpha-numeric and graphical infonnatidn to a user legarding whether nerves 
adjacent said pedicle target site irmervate as a result of applying said stimulation signal to 
said stimulation element. 
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Percutancously Introducing an Insulation 
Memberto aPedicle Target Site 
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